Gamma irradiation is used as a sterilization method for joint prosthesis. For this procedure, gamma irradiation causes crosslinking of UHMWPE. Crosslinked UHMWPE molecules connect each other strongly. However gamma irradiation causes the reduction in mechanical properties such as tensile strength and elongation because primary chain scission occurrs. Therefore, excessive irradiation would cause some problems. We suggest the existence of the optimum dose for minimum wear and moderate reduction in tensile strength and elongation. Furthermore we indicate a mechanism of wear resistance of gamma irradiated UHMWPE. .
INTRODUCTION
It is well known that the total joint replacement becomes useful medical treatment for OA (osteoarthritis) or rheumatoid arthritis. Generally, ultra-high molecular weight polyethylene (UHMWPE) has been used as a rubbing material for clinical applications in total joint prosthesis for a long time. Although a lot of researchers have been studying the lifetime of joint prosthesis, there are some problems with joint prosthesis. At first, joint prosthesis wear generates wear particles. They make macrophages activate. Therefore bone resorption occurs and joint prosthesis loosening appears. Second, there is large difference on Young's modulus between bone and material of prosthesis components, which sometimes induces stress shielding. Therefore, bone resorption occurs as a result of stress shielding. It is widely known that average lifetime of joint prosthesis is a decade or so. It is very short compared with the lifetime of human synovial joint. Therefore it is important to estimate the lifetime of joint prosthesis in vitro. We focused on the influence of sliding pathway on wear of joint prosthesis. One of our aims is to simulate the joint motion in the multi-directional pin-on-plate apparatus. Because rubbing pairs composed of UHMWPE and hard material are used in a lot of joint prosthesis, it is important that UHMWPE molecular orientation alters material property and tribological property. However, many researchers could not evaluate UHMWPE wear rate adequately. Therefore, we made various kinds of sliding tracks to simulate the joint motion to evaluate specific wear of each track quantitatively. We also focused on the wear resistance of crosslinked UHMWPE. It is well known that crosslinking reduces UHMWPE wear. Although a lot of researchers had been studying crosslinked UHMWPE wear, optimum point of crosslinking has not been clarified. Therefore, we remarked on how crosslinking degree influences wear . Figure 1 is a schematic drawing of the multi-directional test apparatus for the sliding wear test.
MATERIALS AND METHODS
In all tests, average contact pressure was 10MPa and sliding speed was 45mm/s. Each test was run for the sliding distance of 50km, and the wear of UHMWPE was determined quantitatively by the weight loss of the pin specimen. Diluted bovine serum (fetal bovine serum 30vol%, distilled water 70vol%, sodium azide 0.3wt%) was used as the lubricant and its temperature was controlled at around 37˚C. Therefore we prepared a new type of sliding pathway as two arcs (Figure 2) .
We examined the influence of gamma irradiation of UHMWPE (GUR1050) on its wear in the same apparatus and same condition. As described above, it is widely known that gamma irradiation causes crosslinking of UHMWPE and reduces UHMWPE wear. However, it is also widely known that gamma irradiation causes reduction in tensile strength and elongation of UHMWPE. We adopted HIP (Hot isostatic pressure) treated high pure alumina and cobalt chromium alloy as a plate specimen. We adopted 5 levels of dose (0, 50, 100, 200 and 1000 kGy). Each specimen was irradiated in air and then annealed to remove the free radicals. Additionally, it was 
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cut for column shape and surface layer was removed. Table 1 shows the relationship between dose and mechanical properties. Tensile strength and elongation were measured by following JISK7113 and hardness was measured by using micro hardness tester (MVK-E). Generally, as UHMWPE was more dosed, UHMWPE's mechanical properties were reduced. This trend connects to the past studies. Therefore, it is important to find the optimum point of dose to prevent excessive reduction of mechanical properties. Figure. 3 shows specific wear of UHMWPE against alumina. Obviously, it is noticed that gamma irradiation reduces UHMWPE wear. As UHMWPE was more dosed, the wear of UHMWPE was reduced. Figure. 4 shows the specific wear of UHMWPE against alumina and cobalt chromium alloy. Commonly wear of UHMWPE against metal material is twice as large as against ceramic material. Figure. 4 shows similar trend with irradiation for both mating materials, although wear volume is remarkably different. Especially it is hard to detect the wear of high dose UHMWPE against alumina. It seems that the abrasive wear is not sufficiently suppressed by gamma irradiation for metallic counter material.
RESULTS AND DISCUSSION

CONCLUSION
Gamma irradiation causes crosslinking of UHMWPE and excessive irradiation deteriorates mechanical properties of UHMWPE. We found that 200kGy irradiation was enough to reduce UHMWPE wear. We suggest the existence of optimum irradiation for low wear. 
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